l Introduction
The correlation between oxytocin administration for induction or augmentation of labor and neonatal jaundice is stUl a matter of debate. In a controlled retrospective study [4] the incidence of neonatal jaundice after oxytocin administration was 12.4 per cent äs compared to 8.1 per cent in a control group. BEAZLEY and ALDERMAN [2] have found a significant association between the mean total dose of oxytocin used for induction and the incidence of neonatal hyperbilirubinemia, suggesting a dose-dependent response. On the other hand GOULD et al. [11] in a prospective study, failed to demonstrate an effect of maternal oxytocin infusion on neonatal serum bilirubin levels on the first and sixth days of life. SIVASU-RIYA et al. [20] similarly failed to find any difference in serum bilirubin levels in the first five days of life of neonates following spontaneous onset of labor and induced labor by various methods, including oxytocin infusion. A significant correlation between oxytocin administration and neonatal jaundice was claimed by DAVIES et al. [7] äs being limited to artificially induced labors, and no difference was noted between spontaneous and oxytocin augmented, following spontaneous onset deliveries. The authors speculated that a relative immaturity of hepatic enzymes in the offspring of women who do not spontaneously enter parturition might be the explanation of their tendency to present with neonatal jaundice.
Curriculum vitae
M. GRANAT Similar findings presented by JEFFARES [13] again raised the question äs to whether induction itself, rather than the effect of oxytocin might be a contributory factor in the causation of neonatal jaundice. Evidence of a dose dependent effect -of oxytocin on the severity of neonatal jaundice and on the level of bilirubin in cord blood has been recently presented [8] .
The widespread liberal use of oxytocin to induce or accelerate labour, often without medical necessity, inspite of the aforementioned contradictory experiences, prompted us to prospectively re-examine the relative role of oxytocin versus artificial induction of labor per se äs alleged causes of neonatal hyperbilirubinemia.
Material and methods
71 consecutive full-term parturients were randomly selected for this study. All had uncomplicated pregnancies and were under no medications except iron preparations. The subjects were divided into three subgroups according to onset of labor and mode of delivery: 1) Normal vaginal delivery following spontaneous onset of labor (group I: n = 42). 2) Normal vaginal delivery following elective induction of labor by oxytocin drip (group II: n = 14). 3) Elective Cesarean section (group III: n = 15). Tab. I summarises the data of these pregnancies including details of outcome. All gestations were of 38 weeks duration or more, äs calculated from menstrual history and ascertained by the DUBOWITZ score [9] . None of the newborn infants had any sign of RDS. Parturients who presented with a history of pathological pregnancies or liver disease and newborn infants who were growth retarded, or bom with APGAR scores of less than 6 were all excluded from the study. Instrumental deliveries and labors starting after premature rupture of membranes were not included. Four pairs of twins were included: 2 in Tab. L Data of the three study group s (see text). group I and l in each of the other groups. No difference was noted between duration or difficulty of delivery in groups and II. All labors in group II were electively induced after confirmation of a "ripe cervix", for reasons of patients' convenience. Indications for Cesarean section (group III) were unrelated to the fetal Status in the current pregnancies and included 10 women who underwent a previous Cesarean section because of contracted pelvis, 3 elderly primigravidas with suspicicm of cephalo-pelvic disproportion and 2 women with a history of intracavitary myomectomy. Immediately after expulsion, the placenta was spread with its fetal side upwards, the umbilical artery was identified and 8-10 ml of blood were drained. The blood underwent immediate centrifugation and the serum was stored at -15 °C. Analyses were performed no more than 7 days later. Total bilirubin was measured daily or more frequently äs required in the venous blood of 38 neonates, who appeared to be jaundiced during their stay at the neonatal unit, their maximal bilirubin levels being recorded. Total protein was determined by the biuret method. Albumin was measured by the Bromcresol green method. Protein electrophoresis on cellulose acetate using Beckman Instrument was also applied. Total bilirubin was measured by the MELLOY and EVELINE method. U test (MANN-WHITNEY) was utilised to determine significance level of the difference between means of test results in the various groups. Regression analysis was applied for the correlation between total protein in cord serum and maximal values of bilirubin measured in the neonates.
Results
Individual values of total bilirubin in the serum of the umbilical artery are depicted in Fig. 1 . No significant difference was found between the mean values in the three groups (P > 0.05). As summarized in Tab. II, mean total protein concentration in group I (normal deliveries of spontaneous onset) was higher than in groups II and III (deliveries induced by oxytocin and elective Cesarean sections; respectively). The difference between mean values in the "spontaneous onset" group and the I II 59 ± 6** 57 ± 6 37 ±30 36 ±46 1.9 ± 7 1.7 ± 5 4.7 ± 12 4.5 ± 11 5.5 ± 15
5.0 ± 10 10 ± 27 10.3 ± 34 ΠΙ 54 ± 6** 35 ±50 1.7 ± 6 3.9 ± 14 >4.9 ± 14 8.9 ± 34 * Groups I-III s in Tab. L ** P < 0.05 (Significance level of the difference between total protein concentrations in group I & III).
"elective Cesarean section" group was statistically significant (P < 0.05). The difference in the mean values of albumin or fractions of globulin between these groups did not reach statistical significance. Neonatal serum bilirubin level greater than 208 μιυοΐ/liter occurred in 5 out of 15 newborn infants of the oxytocin induced group (33.3 per cent) s compared to 3 out of 44 following spontaneousonset (6.8 per cent) and 2 out of 16 after elective Cesarean section (12.5 per cent). Clinicaljaundice appeared sooner after birth in the "oxytocin induced" group s compared in the "spontaneousonset" group and lasted longer, up to the lOth post partum day. The 2 jaundiced neonates of the "Cesarean section" group showed similar maximal values of bilirubin and duration of jaundice, but the rise was gradual, typical of "physiological jaundice". Maximal bilirubin levels in neonates who appeared jaundiced bore no significant correlation to their total protein levels in cord blood (Fig. 2) .
Discussion
The use of oxytocin during labor has been a matter of great concern, especially in the Britishliterature, in regard to its alleged iatrogenic effect on the occurrence of neonatal hyperbilirubinemia [2, 4, 12] . Recent studies [3, 5, 7, 11, 13, 18] cast doubt on the role of oxytocin per se in this respect, s neonatal hyperbiliruinemia seemed to occur predominantly in oxytocin induced labors s opposed to oxytocin accelerated ones following spontaneous-onset. The role of fetal hepatic maturation has been implicated in this context [7] . In this study serum bilirubin concentration in the umbilical artery was not found to be influenced by the type of onset of labor or the route of deliveiy. This is not surprising in view of the ready transfer of unconjugated bilirubin across the placenta from the fetal to maternal circulation before birth [17] . This finding apparently contradicts that of D'SouzA et al. [8] who related higher doses of oxytocin to higher levels of plasma bilirubin in cord blood. However, our material is different in quired less than 3000 mu of oxytocin for the completion of labor. 2) Early amniotomy was not performed in our patients, thus presumably we have preserved the "buffer-effect" of amniotic fluid between the fetus and the uterine wall. By this we may have lessened fetal trauma and reduced the rate of red cell breakdown which was hypothesized s the cause of increased cord blood bilirubin levels that follow oxytocin induced labors [8] .
Neonatal hyperbilirubinemia, however, was significantly more common following labors induced by oxytocin. No similar association was found between elective operative termination of pregnancy and neonatal jaundice, thus, conceivably, implying a direct effect of oxytocin on the causation of hyperbilirubinemia. By discarding instrumental and traumatic deliveries we could not support the Suggestion recently put forward [10] that fetal-neonatal focal hemorrhages induced by difficult deliveries associated with oxytocin Stimulation fully accounted for the hyperbilirubinemia. DANCIS et al. [6] had shown that most, if not all, fetal proteins were synthesized from amino-acids in the fetal liver from s early s the third month. It appears that the concentration of albumin is not dependent upon the maternal concentration [22] . Therefore, we assumed that protein concentration in the umbilical artery could reflect maturity of the fetal liver. This assumption gains further support by the close correlation that was recently found between total protein level in cord blood and the gestational age [21] . The signifi-cantly lower concentration of total protein that was found in the "Cesarean-section" group could be explained by the fetuses born relatively prematurely prior to the date of spontaneous onset of parturition. This might lend support to the presumptive role of fetal liver, tentatively ascribed by LIGGINS [14] and PATTEN and TURNBULL [16] to natural onset of human labour. The lack of similar difference between "spontaneous-onset" and "oxytocin induced" labors is comprehensible by the fact that the successful induction by iteself reflects a high degree of fetal maturity which is not necessarily true for the "Cesaren section" group. In a recent study [12] the mean cord plasma albumin concentration of the patients delivered by Cesarean section (37.33 g/l) was significantly less than its value following vaginal deliveries (41.97 g/l). According to MENDEHALL [15] in a mature fetus the mean albumin concentration in cord serum after elective Cesarean section was 27 gr/L The relative immaturity of the fetal liver in the Cesarean section group, assumingly reflected by lower total protein concentration, had no significant influence on the incidence of neonatal jaundice in this group, which was relatively low. It appears from our study, that drug effect in an äs yet unidentified mechanism is responsible for the incidence of neonatal jaundice among newborn infants of oxytocin administered labors. YAO and LIND [23] have raised the possibility of increased placental transfusion caused by narrowing of the umbilical arteries äs a possible cause. Although no serious consequences to the transient hyperbilirubinemia in the "oxytocin group" have been observed, many of them required phototherapy and needed longer hospitalization periods. This is a further disadvantage of labor induction in addition to an increased risk of an operative delivery äs recently noted in a controlled study by YUDKIN et al. [24] . Therefore, we believe that pitocin induction or augmentation should be applied only when medically indicated, and, owing to the possibility of dose dependency, stress should be placed upon efforts to administer only the minimal effective dose.
Summaiy
Numerous studies have demonstrated the increased incidence of neonatal jaundice among newborns of mothers to whom oxytocin was administered during labor, the more so with induced labors. The question äs to whether the hyperbilimbinemia is the result of the induction itself, owing to relative fetal liver immaturity, versus the possibility of oxytocin drug effect is still a matter of debate.
We attempted to shed some light on this question by measuring bilirubin and protein concentrations in cord blood and correlating the results with the occurrence of hyperbilirubinemia in the neonates. The tests were performed in 71 randpmly selected füll term parturients, with uncomplicated pregnancies, delivered of normal healthy infants. The subjects were divided into 3 groups: Group Inormal vaginal delivery, following spontaneous onset of labor (n = 42); Group II -normal vaginal delivery following induction of labor by oxytocin drip (n = 14), and Group III -Elective cesarean section (n = 15). Group I and II were matched for the mean values of maternal age, gestational age at delivery and infants birthweights (Tab. I). Blood was drawn directly from the umbilical artery and analyzed for total bilirubin and total protein. Protein electrophoresis was also applied. Total bilirubin was measured at least daily in the venous blood of 38 neonates who appeared jaundiced during their stay at the neonatal unit.
No significant difference was found between the mean values of total bilirubin in the serum of the umbilical artery in the three groups. Mean total protein concentration was, however, higher in Group I than in Groups II and III, the difference between groups I and III being statistically significant (P < 0.05). Neonatal serum bilirubin level greater than 208 /liter occurred in 33.3 per cent of the oxytocin group (Group II) äs compared to only 6.8 per cent and 12.5 per cent in Groups I and III, respectively. Maximal bilirubin levels in neonates who appeared jaundiced bore no significant correlation to their total protein levels in cord blood (Fig. 2) . The lack of correlation between serum bilirubin concentration in the umbilical artery and the type of onset of labor and route of delivery is conceivable in view of the ready transfer of unconjugated bilirubin across the placenta from the fetal to maternal circulation before birth. The significantly lower concentration of total protein that was found in the "Cesarean section group" could be explained by the relative immaturity of the fetuses born prior to the date of spontaneous onset of parturition. The easiness of successful induction of labor in the "oxytocin group" may implicate fetal maturity comparable to that found in the "spontaneous onset group", äs reflected by similar total protein levels in these groups. In spite of this, neonatal hyperbilirubinemia was significantly more common following labors induced by oxytocin. No similar association was found between elective opera-tive termination of pregnancy and neonatal jaundice, thus apparently invalidating the concept of fetal immaturity in this context, and implying a direct effect of oxytocin on the causation of hyperbilirubinemia. It appears from our study that drug effect in an äs yet unidentified mechanism is responsible for the increased incidence of neonatal jaundice among newborn infants of oxytocin induced labors, with ensuing longer hospilization periods. It is concluded that oxytocin administration should be applied only when medically'ilidicated, and owing to the possibility of dose dependeiicy, the minimal effective dose should be used. fig. 2) . La correlation entre la bilirubinemie serique de Tariere ombilicale et le m öde de debut du travail et de voie d'accouchement peut s'expliquer par le transfer deja existant de bilirubine non conjuguee a travers le placenta du sang foetal vers la circulation maternelle avant la naissance. Les concentration s de proteine totale significativement plus basses dans le «groupe des cesariennes» peut etre expliquee par la relative immaturite des foetus nes avant la date du declenchement spontane du travail. La facilito du succes de Tinduction dans le «groupe ocytocine» implique peut-etre une maturite foetale comparable ä celle trouvee dans le «groupe ä accouchement spontane», comme le confirment les concentrations similaires de proteines dans ces groupes. Malgre cela, rhyperbilirubinemie neonatale etait beucoup plus frequente apres travail induit par l'ocytocine. II n'a pas ete note d'association similaire entre les cesariennes electives et Tictere neonatal, ce qui apparamment infirme la conception de l'immaturite foetale dans ce contexte et implique un effet direct de l'ocytocine comme cause d'hyperbiHrubinemie. Notre etude montre que Tadministration d'ocytocine entraine par un mecanisme non encore ellucide une augmentation de la frequence de Tictere neonatal, impliquant une hospitalisation prolongee. Ceci prouve que Tocytocine n'est a appliquer que si medicalement necessaire et, mise a part la possibilite de dependance des doses, la dose minimale effective devrait etre utilisee.
Mots-cles: Declenchement du travail, hyperbilirubinemie, ictere neonatal, ocytocine, sans du cordon.
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